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ABSTRACT 
 This investigation's object is the relation between emotion and sound and how the 
latter can be understood through an emotion-oriented study. Psychological investigations 
strive to understand how the world affects people and how people, in turn, understand the 
world on the grounds of their own reflections and interpretations. Thus, an emotional 
understanding of sound is inevitably linked to the concept of perceived emotion. This 
dissertation's purpose is to understand whether there is a taxonomic relation between sounds 
and perceived emotions. To this aim, emotional semantics and proposals for emotional 
categorization are approached, as well as studies on sound categorization and its relation with 
experiments between emotion and sound or music. Two studies investigated the 
aforementioned themes. In Experiment 1, participants rated sound-image pairs in a causal-
oriented environment, followed by a similar recall task, with the aim of understanding the 
connection between the listener and a sound's semantic content. In Experiment 2, participants 
rated a group of sounds, half of which were masked to hide their semantic content, with the 
goal of understanding the importance of semantic content in auditory stimuli. Taken together, 
the data suggest that some emotions cannot be transmitted by sound alone and that it takes a 
combination of the listener, the context, and the sound's physical features in order to get a 
complete understanding of perceived emotions. 
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 This investigation's object is the relation between emotion and sound and how the 
latter can be understood through an emotion-oriented study. There is also an aim of 
understanding if a sound's perceived emotional valence (attractiveness or repulsiveness) is 
independent from its semantic content (e.g., its source, context, cause, surroundings…) and 
whether there is a taxonomic1 relation between sounds and perceived emotions. To this aim, 
this dissertation will feature phenomenological concepts such as "acousmatic" or "Époché", 
studies on emotional semantics and proposals for emotional categorization, as well as studies 





 The investigation carried out in this dissertation involved several different steps. 
Initially, there was an aim to analyze past studies or experiments, in order to understand their 
procedure; their results; the emotional state models that were utilized; the adjectives that were 
more or less used and their effect on the end result; how many subjects participated in each 
study; how many (and which) sounds were used and, ultimately, which strengths and 
weaknesses were encountered in these studies' methodologies and procedures. These analyses 
were gathered from October 2015 to January 2016 and were used throughout the dissertation, 
whenever they could help give more information on a specific subject. In a second stage, a 
multi-modal test (sound-image pairs) was executed. This test was carried out between January 
and February 2016. In this test, two different sample groups were presented the same sounds 
accompanied by pictures with different emotional valence, to try and create some 
misperception with the ultimate objective of understanding the effect of a sound's semantic 
content in its perceived emotional valence.  These auditory stimuli were rated via selection of  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Taxonomy is the science of classification 
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a semantic group from a set of nine different adjective pairs. This experiment had a 
convenience sample, constituted mostly by individuals with ages between 18 and 30 years of 
age. The last experiment used the knowledge obtained from the aforementioned multi-modal 
test and previous studies/experiments' analysis and was carried out in April 2016. In this test, 
the participants had similar characteristics from the previous one. The stimuli, however, was 
merely acoustic at this stage. Half of the stimuli was masked in order to hide their semantic 
content and participants were asked to rate the masked and original stimuli together, with a 
selection from the same adjectives group from before, but also from a five-point Likert scale 
for valence.  
 
3. Structure  
 
 In TYPES OF LISTENING, many phenomenological and philosophical terms, as well 
as terms with a firm relation to the study of sound (and its features) that will be referenced 
throughout this dissertation are explained and clarified.  
 In EMOTIONAL SEMANTICS, some studies of emotion in music are presented, 
which allows for an invaluable comparison with the lesser amount of studies of emotion in 
sound. In this chapter, some emotional psychology terms and theories are introduced, such as 
The Discrete Emotions Theory and the Self-Assessment Manikin. This chapter ends with a 
reference to some proposals of emotional taxonomy, which create a connection to the 
following chapter. 
 In SOUND TAXONOMY, the focus is set on sound itself and the sound source 
identification theme is presented. With the relation between sound and its semantic content 
established, this chapter continues with the combination of both sound categorization and 
emotional classification, which raises some questions towards the sound's semantic content. 
This is further explored in EXPERIMENT 1, as was explained in the preceding sub-chapters 
of this Introduction. 
 A tentative conclusion from these previous chapters is exposed in the name of this 
following chapter: "EVENT SIMILARITY AND SOUND SIMILARITY ARE 
ALTERNATIVE WAYS OF DESCRIBING THE SAME WORLD" (GUYOT, 1996). And it 
is due to this similarity that this chapter begins to unveil other aspects of sound, other than its 
semantic content. This assessment of sound's other physical features and their link to 
perceived emotions lead the investigation to EXPERIMENT 2 which, like EXPERIMENT 1, 
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was already introduced in the previous sub-chapters. In CONCLUSION, the data of the two 
experiments that were carried out, as well as the data from the studies that were analysed are 
explored together to get a small look at the bigger picture. 
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2. TYPES OF LISTENING 
 
1.  Everyday Listening, Musical Listening, Descriptive Listening, And 
Holistic Listening 
 
         Gaver (1993) introduced the notion of everyday listening and explained its relation with 
musical listening. According to him, musical listening focuses on the perceptual 
characteristics of sound, whereas everyday listening focuses on gathering relevant information 
about its source and the actions producing it: "(…) as you stand there on the road, it is likely 
that you do not listen to the sound itself at all. Instead, you are likely to notice that a sound is 
made by an automobile with a large and powerful engine. Your attention is likely to be drawn 
to the fact that it is approaching quickly from behind. And you might even attend to the 
environment, hearing that the road you are on is actually a narrow alley, with echoing walls 
on each side". Much like Chion's definition of causal listening (see 2.2), everyday listening 
assumes a focus on events rather than the sounds for themselves. Thus, everyday listening is 
the way we usually perceive the world: getting from sound the information we need about size, 
speed, materials interaction, surroundings, and much more, through acoustical properties of 
sound such as pitch, timbre, amplitude, damping, and reverberation, to name a few. "For 
example, we do not hear a noisy harmonic complex in combination with a burst of noise, 
instead we hear a passing car. Likewise we do not hear a double pulse with prominent energy 
around 2.4 and 6 kHz, but we hear a closing door." (Andringa & Niessen, 2006). 
 More recently, on the subject of categorisation of everyday sounds and soundscapes, 
Manon Raimbault (2006) proposed a distinction between the terms descriptive (or everyday) 
listening, which discriminates the acoustic sources or events in a soundscape, and holistic 
hearing, which understands soundscapes as a whole, without isolating their sources.  
 
2.  Semantic Listening, Causal Listening, And Reduced Listening 
 
! Michel Chion (1994) describes three different types (or modes) of listening, which 
influence the listener's perception of an addressed object. He refers to them as semantic 
listening, causal listening, and reduced listening, with greater emphasis on the latter. 
 To Chion, semantic listening exists as more of a mean to interpret a message. Therefore, 
this mode of listening refers to codes such as spoken language or Morse code. He 
acknowledges a concrete distinction between semantic listening and causal listening, stating 
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that the latter creates a direct correlation between the sound and its cause. Hence, the purpose 
of listening becomes the gathering of information about the cause, which can be visible or 
invisible, recognizable or unknown, and in which a unique item or merely a category (e.g., 
human or animal source) can be identified.  
! Acousmatic listening (or reduced listening) constitutes the opposite of direct listening, 
where sound sources are always present and visible. Acousmatic is a rare word, derived from 
the Greek, which indicates a noise that is heard without the causes from which it originates 
being seen. The Larousse dictionary defines acousmatic as the "name given to the disciples of 
Pythagoras who, for five years, listened to his teachings while he was hidden behind a curtain, 
without seeing him, while observing a strict silence." The purpose of this was to avoid any 
visual distractions, disabling their view of his physical appearance. It was more recently used 
by Pierre Schaeffer (2004) to describe a common experience with consequences that are not 
always recognized, consisting of hearing sounds with no visible cause, a phenomenon that is 
unavoidable within such means as the radio, records, telephone, tape recorders, etc. It changes 
the way we hear. And by isolating sounds from their visual counterparts, conditions are made 
for reduced listening to take place, allowing for concentration on the sound for its own sake, 
as a sound object, regardless of its meaning or its causes (although reduced listening can also 
exist in a direct listening situation, only with greater difficulty). 
 Some of the characteristic ways in which the acousmatic situation alters the conditions 
of listening are: the absence of sight and all that comes with it, which allows for the 
understanding that much of what the listener thought was being heard, was actually only seen 
and explained by the context; hearing and sight are separated, encouraging listeners to 
distance themselves from the situational or causal aspects and focus on the sound for itself, 
the sound object. In fact, by repeatedly listening to the same recording of a sound fragment, 
the emphasis lays on variations of listening and on new aspects of sound that may arise and 
towards which attention is drawn (consciously or unconsciously). 
 To Schaeffer (2004), the acousmatic experience enables the listener to become aware of 
his own perceptual activity as well as of the sound object. For Schaeffer, reduced (or 
acousmatic) listening was made possible by radio and recordings, which led to new 
experiences of sound and the sonorous objects. These technologies now allowed sounds to 
have a new existence and perception apart from their sources. The sound object is not the 
instrument that is being played or the magnetic tape: after denying instruments and cultural 
conditionings, the acoustic properties take the front seat.  
 In fact, he created musique concrète in 1948 because of the acousmatic nature of radio 
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sounds and because of this, he coined the term "acousmatic experience", an extension of 
"acousmatic", to describe a new way of hearing: one in which a person would give oneself to 
listening both exclusively and entirely. Hence, the radio and the tape recorder became 
Schaeffer's own "curtain of Pythagoras", creating new phenomena to be studied as well as 
new conditions for observation.  
 Two terms were present at the origins of musique concrète: "closed groove" and "cut 
bell". The closed groove experiment consisted in creating a periodic phenomenon with any 
recorded sound fragment, thus having the ability of repeating it indefinitely. Later, with the 
tape recorder, it was replaced by the tape loop, which created a similar effect. The closed 
groove led to the awareness of the sound object and reduced listening, challenging the causal 
perception and revealing new characteristics to the repeated sound over time. The cut bell 
experiment also involved interruption of the progress in a recorded sound: by removing a 
fragment of the resonance of a bell after its attack, evening out its dynamic behaviour and 
then repeating it using the closed groove technique, "a sound like a flute" can be heard.  
 Reduced listening consists in listening to the sound as its own event, as a sound object, 
regardless of its cause, source or meaning. As a very descriptive type of listening, repeated 
hearings are required to gradually stop attending to the cause and to achieve a complete 
understanding of the sound object. This occurs in opposition to a more ordinary kind of 
listening, in which sound is treated as a vehicle. By removing all our habitual references in the 
listening process, many phenomena that are implicit in our perception are clarified. Reduced 
listening is therefore connected to the notion of phenomenological reduction or Époché. 
Époché constitutes a disengagement of regular listening patterns, enabling the perception of 
the sound object as a medium for its several sonic perceivable dimensions. Reduced listening 
is also therefore connected to the idea of a sound object, defining each other as the perceptual 
activity and the object of perception through yet another phenomenological term: Intention. 
Michel Chion (1983) defines this concept: "If the object transcends every partial experience 
that I have of it, it is in my experience that this transcendence is formed." Thus, a correlation 
is formed between a hearing intention and a heard sound object. This means that the sound 
object only exists by means of reduced listening.  
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3. EMOTIONAL SEMANTICS 
 
1.  Emotional Semantics In Music 
 
 The distinction between emotion and mood is of great relevance in this matter. Emotion 
refers to a state that is intense and involves a noticeable stimulus, while a mood is "less 
intense and its cause is not immediately apparent" (Juslin & Sloboda, 2010). Evolutionist 
psychologists tend to adopt a perspective in which happiness, sadness, anger, fear, and disgust 
constitute the basic emotions, although some investigators consider fourteen (Lazarus, 1991), 
or even sixteen basic emotions (Roseman, Spindel & Jose, 1990). Deryck Cooke (1959) 
identified sixteen basic terms of vocabulary using examples dating from the middle ages all 
the way to modern times, connected to which he suggested emotional expressions. For 
example, an ascending major triad expresses "an outgoing, active, assertion of joy" while a 
minor triad suggests an "assertion of sorrow, a complaint, a protest against misfortune". 
 Melvin Rigg (1937) characterized joy, lamentation, longing, and love through short 
phrases. In this experiment, he played twenty musical excerpts to a hundred students and 
collected their answers with two different methods: firstly through free description and lastly 
by asking the students to choose from a set of descriptions (joy, lamentation, hopeful longing, 
sorrowful longing, and love), among which joy was the most recognized emotional term. Rigg 
found that the stated emotions were frequently less accurate in the free description and chosen 
more often when presented among the set of descriptions. Still in the musical emotion 
recognition realm, Campbell's (1942) emotion designations also found high agreement for joy, 
gaiety, and assertion, while terms such as calm, sorrow, tenderness, and yearning generated 
less agreement and also some confusion among each other. In the same year, Watson also 
found best agreement with the expressions mischievous, happy, exciting, kingly, dignified, 
and sad, while encountering worst results with terms such as pleading, tragic, and mysterious. 
These studies show highest agreement of emotional expressions in music for positive 
emotions, high arousal (see 3.3), and low arousal, as well as very good recognition for 
negative emotions. In Gundlach (1935), Hampton (1945), Capurso (1952), and Sopchak 
(1955), best agreement was again found for positive and negative emotions (happy, joyful, 
triumphant, sadness, despair, melancholy…), high arousal (angry, rage) and low arousal 
(relaxing, soothing). The terms with less agreement were cruelty, devotion, cruelty, disgust, 
eroticism, flippancy, hate, horror, irritation, jealousy, pity, whimsy, and worship. 
 Lists of emotions put together by researchers for a specific study may lack validity and 
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reliability and create difficulties when compared to other studies. "Emotions" and "feelings" 
are often assumed to be synonyms. Quoting Scherer (2004): "It is suggested that “feelings” 
can be profitably conceptualized as a central component of emotion, which integrates all other 
components and serves as the basis for the conscious representation of emotional processes 
and for affect regulation". Asking listeners to describe their emotional response to a sound 
event2 using basic emotions such as joy, sadness, or fear, assumes that the listeners can 
effectively transpose everyday emotions to an auditory context. 
  
2.  The Discrete Emotions Theory 
 
 Distinguishing one emotion from another (i.e. emotion classification) is a highly 
discussed issue in emotion research. Emotion classification has two fundamental points of 
view: the first believes that emotions are discrete and different constructs, using specific 
words or word groups to name particular emotions (e.g., happiness, sadness, fear, etc.) 
(Drossos, Floros, and Kanellopoulos, 2012), while the latter characterizes emotions on a 
dimensional basis in grouping, looking at emotions as the sum of two or more emotional 
states, which are illustrated as continuous values (Laurier et al., 2009). The Discrete Emotions 
Theory claims that there are a small number of universal emotions, which are recognized and 
shared by all humans (Colombetti, 2009). Thus, this representation model relies on a list of 
adjectives each describing an emotion and has been used in emotion recognition for long 
(Schuller et al., 2011; Kim et al., 2010). Ekman (1973) conducted a cross-cultural study with 
the idea that emotions can be clearly recognized between humans, and concluded that there 
are six basic and universal emotions: anger, disgust, fear, happiness, sadness, and surprise. By 
contrast, the second point of view describes emotions as points in a multi-dimensional space 
and tends to offer a more accurate way to represent emotions.  
 The discrete emotion model theorists suggest that some adaptive emotional strategies 
have been developed over time. Darwin (1872) used some of the most common emotion 
terms in the English language as chapter headings and then showed their functionality, their 
history and their universality regarding different species as well as different cultures. Tomkins 
(1962) suggested that the aforementioned theorized basic emotions could trigger muscular 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
%!McAdams (1993) referred to sound events as sequences of temporally related sounds such as the sounds 
accompanying the feeding of a cat or the fixing of a leaky faucet. The sounds that surround the action introduce 
information about it. 
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responses (mostly in the face) and ways to measure them.  
 
3.  Emotional State Models 
  
 The PAD (Pleasure, Arousal, and Dominance) emotional state model (Mehrabian and 
Russell, 1974) uses three numerical dimensions in order to describe and measure emotional 
states: the Pleasure-Displeasure Scale measures an emotion's pleasantness; the Arousal-
Nonarousal Scale measures an emotion's intensity; the Dominance-Submissiveness Scale 
measures an emotion's dominance nature, as can be verified in figure 1 (Kim et al., 2010). 
They also proposed the Semantic Differential Scale as a tool for assessing the three-
dimensional structure of objects, events, and situations. It consists of eighteen bipolar 
adjective pairs, which are each rated along a nine-point scale to generate information on the 
dimensions of pleasure, arousal, and dominance. Although this method is very informative 
and widely used, it has some shortcomings. Two of its greatest disadvantages are the heavy 
effort it requires to measure eighteen different ratings for each stimulus and that the use of a 
verbal system makes it harder to re-apply the same methodology with non-English speaking 
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 Wilhelm Wundt (1897/1980) suggested a distinction between three different bipolar 
dimensions of feelings: pleasurable-unpleasurable, arousing-subduing, and strain-relaxation. 
Harold Schlosberg (1954) renamed these terms to "pleasantness-unpleasantness", "attention-
rejection", and "level of activation", respectively. This three-dimensional model had a strong 
impact on the psychology of emotion. Since there were many difficulties in establishing the 
attention-rejection dimension in an empirical fashion, feeling was eventually defined by a 
two-dimensional model, which was formed by valence (pleasantness-unpleasantness) and 
activation. Thus, the Valence-Arousal model had great representation in the affective sciences 
and in emotional research in both sound and music, which is due to some of its most practical 
advantages: reliability and simplicity. 
 The main variance in emotional meaning is often illustrated in just two dimensions: 
arousal/activation and pleasure/valence (Smith & Ellsworth, 1985; Yang et al., 2008; Drossos, 
Floros & Kanellopoulos (2012); Mehrabian & Russell, 1974; Schuller et al., 2012; Osgood, 
Suci, & Tannenbaum, 1957; Asutay et al., 2012). Research carried out by Björk (1985) 
showed that a two dimensional approach is, in fact, suited to describe the link between 
emotion and sound and Yang et al. (2008) conducted an experiment with the goal of 
understanding the reliability of the Arousal-Valence emotion plane in music. In this 
experiment, each of the two hundred and fifty-three volunteers was asked to listen to ten 
random music excerpts and to label the Arousal-Valence values. The stimuli were gathered in 
a database that included a hundred and ninety-five popular songs from a number of Western, 
Chinese, and Japanese albums. The experiment's results show that there was a high (95%) 
agreement between the subjects, even in a test-retest reliability study, conducted two months 
after the first experiment. 
 
4.  Emotional Taxonomy Proposals 
 
 Damasio (2006) suggested three different kinds of feelings: those of basic universal 
emotions (such as happiness, sadness, anger, fear, etc.), those of subtle universal emotions 
(which are deduced from experience during the course of life), and background feelings, 
which reflect the "momentary overall condition of the body" (Haverkamp, 2012). 
 Schuller et al. (2011) proposed some subdivisions on an emotional taxonomy: type of 
speech would be divided into prompted emotions, non-prompted emotions, or obtained in 
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specific scenarios. It is also proposed that an emotional taxonomy's main categories would be 
the following: positive emotions, neutral emotions, negative emotions, and the "big n" 
emotions (e.g., anger, fear, joy, sadness, etc.), with sub-categories adapted to each of their 
differences. All the main categories can be either pure (e.g., joy) or mixed (e.g., if a mixture 
of joy and fear is observed) and can be affected by dimensions such as arousal and/or valence. 
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4. SOUND TAXONOMY 
 
1.  The Role Of Source Identification And Categorization Of Sound Events, 
Environmental Sounds3, And Soundscapes 
 
 Schubert (1975) stated that the primary task of the auditory system is the identification 
of the sound sources and their behaviour. In fact, studies on human-made sounds support 
Gaver's everyday listening theory (Ballas, 1993; Guyot, Castellengo, & Fabre 1997; Susini, 
Misdariis, Winsberg, & McAdams, 1998; Vanderveer, 1980), suggesting a causal taxonomy. 
In order to understand these causal taxonomies, attention was drawn to urban soundscapes, in 
which noise is emitted simultaneously by a wide variety of sources. Guastavino (2007) 
investigated everyday listening of urban soundscapes in a mail survey with seventy-seven 
participants. The main categories identified were human sounds, traffic noise, natural sounds, 
and music. Of these, the ones that originated positive judgements were human sounds (except 
when reflecting anger), natural sounds, and human-made music (musician), whereas 
mechanical sounds and indirect music (loud-speakers, car radio) gave rise to negative 
judgements. Within the mechanical sounds category, positive judgements were attributed to 
electric cars and public transportation noise, in relation to environmental concerns. This 
clearly shows the importance of the sound source when creating a taxonomy or attributing 
emotional value to an acoustic phenomenon. On a similar note, Gygi (2007) showed that the 
subjects take physical aspects into account, but similar sources (vocalizations, water-based 
sounds, rhythmic impacts, and mechanical sounds) were also categorized together. Dubois 
(2000) stated that an acoustic phenomenon can be classified according "either to the source 
that produces it or to the action generating the noise (this is the case, for instance, with the 
squeaking of a door, which can be categorized either with “noises of doors” – fermeture, 
claquement, ouverture d’une porte ‘shutting, slamming, opening of a door’ – or with other 
instances of grincement ‘squeaking’ – of doors, of windows, or of steps)." It was also shown 
that participants categorized sounds based on the sound source more often than based on its 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
&! Van DerVeer (1980), Jenkins (1985), Ballas and Howard (1987), and Marcell et al. (2007), define 
environmental sounds as being: non-musical and non-linguistic sounds; produced by real events; usually more 
complex than machine-generated sounds (e.g., pure tones); potentially inanimate (e.g., machines), animate (e.g., 
human made), natural (e.g., rain), artificial (e.g., car horn), dynamic, and carrying information about their source 
and their surroundings.  
!
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physical features. Bergman et al. (2008) made sound sources unidentifiable, by removing the 
meaning of environmental sounds by means of frequency smearing using different window 
lengths and frequency bands, which kept the sound's psychoacoustic properties showing that 
content has a bigger impact on emotional reactions than form.  
 Results from Maffiolo (1999) and Guastavino & Cheminée (2003) aid the distinction 
between sound events with clearly identifiable sources, and ambient noise, with a blurry 
background noise. The first are described with clear reference to their source, either by 
referring the object or the part of the object that generates noise. "These metonymies — 
substituting the name of the source producing sound for the name of the sound itself — 
indicate confusions between sounds and sources producing the sound, and further suggest that 
the acoustic phenomenon is not abstracted from the object generating the sound." (Guastavino, 
2007). In the descriptions of ambient noise, however, the object source is mentioned less 
while a majority of the utilized terms refer to the physical properties of the sound, showing a 
broader kind of listening than the one verified from the sound events with recognizable 
sources. 
 Bonebright (2001) conducted an experiment that rated seventy-four everyday sounds in 
a seven-point bipolar adjective scale. The stimuli consisted of seventy-four sounds made by 
objects that individuals in the USA would have exposure to on a regular basis. Dull-sharp, 
round-angular, and relaxed-tense were positively correlated with one another. Rough-smooth 
was positively correlated with unpleasant-pleasant, and both of them were negatively 
correlated with soft-loud. 
 VanDerveer (1980) asked participants to write a short sentence identifying thirty 
everyday sounds. The participants always tried to identify the sounds according to their 
sources, except when they could not clearly identify it, which became noticeable even in their 
mistakes, since they would confuse similar sounding events as clapping with dropping a book, 
but rarely with tearing paper. In a similar experiment, Gaver (1988) asked participants to 
describe seventeen sounds. They were tested individually and asked to go to into as much 
detail as possible. The conclusion was similar to VanDerveer's but with added accuracy: some 
participants were able to distinguish the sound of someone running upstairs from someone 
running downstairs, most participants correctly described chalk writing on a chalkboard, some 
participants were right about the size of objects dropped into water and most said that a cup 
was being filled by just hearing a pouring liquid. In a curious note, the sound of someone 
walking on a floor covered with newspapers was correctly interpreted by one of the 
participants, who eventually rejected this answer because it was "too implausible". This 
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shows just how far the rationalization involved in everyday (or causal) listening can influence 
test results, which are looking for descriptions of sound's physical properties and not their 





 Gaver (1993) proposed a taxonomic description of basic sound events, which included 
categories such as vibrating objects, aerodynamic sounds, and liquid sounds, which can be 
verified in figure 2 (Gygi and Shafiro, 2010). From these basic sound events, complex sounds 
are formed, such as patterned sources (repetition of a basic event), complex sources (more 
than one sort of basic level event), and hybrid sources (involving more than one basic sort of 
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2.  An Emotional Taxonomy Of Source Identifiable Sounds  
 
 Solomon (1958) made an attempt to describe complex sounds within a rating scale 
instrument: fifty subjects rated twenty different sounds on fifty seven-point bipolar scales 
(composed by fifty adjectives alongside their antonyms). Seven clusters were created for 
dividing these scales and named: magnitude, aesthetic-evaluative, clarity, security, relaxation, 
familiarity, and mood. 
 According to Table 1 (Solomon, 1958), the "positive" ends of psychological dimensions 
should consist of terms such as heavy, beautiful, clear, mild, loose, familiar, and colourful. In 






 Ozcan Vieira, Van Egmond, and Jacobs (2014) carried out two experiments with the 
goal of determining the domain of domestic product sounds alongside their constituting 
categories and to better understand the aforementioned domain and categories. The 
participants were asked to freely group the sounds they considered similar. The stimuli 
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consisted in twenty-two domestic product sounds under five seconds longs taken from various 
sound effect CDs. Four categories were formed: short duration sounds caused by an impact 
between product parts, digitally produced alarm-like sounds, sounds which are consequences 
of engines with high RPM (Revolutions Per Minute), as well as small rotating and rubbing 
mechanical product parts, and sounds that are caused by the heating of liquids. In the second 
part of this experiment, participants were asked to rate experienced similarities between pairs 
of sounds within the following categories: air, cyclic, liquid, and mechanical sounds. As 
expected, the similar sound pairs had the highest similarity rating. Among the dissimilar 
sound pairs, the air-cyclic sound pair had the highest similarity rating, while the air-liquid pair 
had the lowest similarity rating.   
 Schuller et al. (2012) performed an experiment with the goal of creating an emotional 
sound database. To this aim, four students rated three hundred and ninety sounds in Valence 
and Arousal and then wrote down the perceived emotion. The sound stimuli were divided into 
eight categories from the free online engine FindSounds.com: Animals, Musical Instruments, 
Nature, Noisemaker, People, Sports, Tools, and Vehicles. The results show that agreement 
was much higher for valence than for arousal and that both arousal and valence are highly 
correlated with loudness, but the correlation with valence is a negative one. This illustrates the 
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 Bradley and Lang (2000) also performed two experiments that investigated emotional 
reactions to naturally occurring sounds. While many studies on physiological responses to 
sounds tended to rely on short sets of stimuli (Gang and Teft, 1975; Pallmeyer, Blanchard, 
and Kolb, 1986; Meyers and Smith, 1986), the number of sounds in this study is more 
extensive and including a broad range of semantic categories such as erotica, bombs, or 
animal and human vocalizations. The goal of Experiment 1 (Bradley and Lang, 2000) was to 
describe the two-dimensional (Pleasure and Arousal) distribution of a collection of sounds 
that engage a broad range of emotional responses in comparison to the distributions 
previously obtained for picture stimuli, and to understand the relationship between these 
affective dimensions. The sound stimuli's characteristics are comparable to that of a 
previously studied set of pictures, which was then used for reference and will henceforward 
be referred to as IAPS (i.e., International Affective Picture System, Lang, Bradley, & 
Cuthbert, 1999). In Experiment 1, a hundred and sixteen subjects rated sixty sounds on the 
dimensions of pleasure, arousal, and dominance using the Self-Assessment Manikin (on 
figure 4, (Bradley and Lang, 1994)), an affective system created by Lang (1980), which was 
followed by a free recall task.  
 In most dimensions, the results were very similar to the IAPS' pleasure ratings. Figure 5 
(Bradley and Lang, 2000) shows the distribution of affective space for the picture stimuli, 
illustrating their progression from a calm arousal state toward either a high-arousal pleasant or 
a high-arousal unpleasant quadrant. Hence, the results of Experiment 1 indicate that most 
sounds rated as highly pleasant or highly unpleasant were also rated high in the arousal 
dimension. Experiment 1 also showed that sounds with similar semantic content to pictures 
from the IAPS were located very close together in the affective space.  
 






 In Experiment 2 (Bradley and Lang, 2000), autonomic (heart rate, skin conductance), 
somantic (facial EMG), and startle reflexes were measured and recorded while subjects were 
listening and rating sounds, in order to understand effects of a priori valence on physiological 
reactions to affective sounds, as well as any variation between participants' reports of pleasure 
and arousal and their physiological response. While there were no significant effects 
involving sound intensity, it was verified that the a priori valence of the sound stimulus 
affected both pleasure and arousal ratings. Unpleasant sounds generated larger startle reflexes, 
and larger heart rate deceleration. Pleasant and unpleasant sounds were rated as more arousing 
than the neutral sounds. Figure 6 (Bradley and Lang, 2000), compares the results obtained 
between male and female subjects and then creates a relation concerning the visual and 
auditory stimuli.   
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3.         Exploring A Causal Deniability Within An Emotional Taxonomy Of Sound  
 
! The most usual means of reporting perceived emotional expressions are free 
phenomenological reports4, choice among provided descriptive terms by the investigator, or 
ratings of how well descriptive terms apply to the excerpt in question. These different options 
have a very high effect on the possible described results. When listeners are asked to provide 
free descriptions, the reported emotions are many and with a lot variabilities between each 
other. Thus, instead of free reports, investigators tend to use lists of descriptive terms and ask 
the subjects to choose the appropriate ones. Both Rigg (1937) and Juslin (1997) found that the 
stated emotions were frequently less accurate when the free description method was used and 
that there was less variability when applying the forced choice method. Also, listener 
agreement appears to be greater for some emotions than other, suggesting that music (and 











4 Phenomenological reports describe personal experiences.  
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 Thus, the first aim of the following experiment is to understand whether the listener has 
a primal need to connect a sound to its cause. The second goal is to understand if the 
abovementioned link is ever questioned or if it constitutes an automatic reaction. To this aim, 
Experiment 1 will show the same sound accompanied by different pictures to try to generate 
some confusion in the participants. The beginning of Chapter 6 will conclude Experiment 1, 
displaying studies with results that link sounds' semantic content to the elicited emotions of 
the listeners. After this section, Chapter 6 will also introduce Experiment 2, which will be 
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5. EXPERIMENT 1 
 
1.  Participants 
 
 Forty-two Portuguese volunteers (twenty-three males) took part in the test. Their ages 
varied between eighteen and thirty-two years (24.8 on average).  
 
2.  Procedure 
 
 There were two separate groups in this experiment. Both groups rated the same ten 
sounds alongside ten different pictures. Ten out of the total twenty pictures correspond to the 
sound source, while the other ten pictures correspond to events or objects that the 
investigators consider to produce a similar enough sound to create ambiguity.  
 The listening experiment took place in an acoustically isolated studio, where each 
participant was tested alone. Sounds were reproduced through closed-back headphones and 
participants rated the sounds by checking boxes using paper and pen. The stimulus order of 
presentation was varied and no significant effect was found.  The participants were given 
instructions before the beginning of the experiment and were able to hear each sound as many 
times as they wanted to.  
 This experiment had two different stages. In the first stage, a group was assigned to 
each participant. Two months later, all fourty-two volunteers were called back and assigned to 
the other group, for further confirmation on the initial responses.  
 
3.  Stimuli 
 
 The auditory stimuli used in this experiment were either selected from the Auditory Lab 
database or recorded by the investigator. Http://www.auditorylab.org/ is a large freely 
accessible database of environmental sounds, which include several variations on basic 
auditory events. They are complemented with information such as the sound's location, source, 
spectral centroid, duration, harmonicity, time, and distance from the microphone, recording 
level, and semantic attributes. The criteria for selection were to make sure that the chosen 
stimuli would be able to trigger more than one emotional response. Every recording was 
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edited so it would last two seconds. A five millisecond fade-in and fade-out was applied to 
prevent any abrupt start or ending to the sounds. All sounds were stereo files in WAV-format 
(44.1khz, 16bit).  
 The twenty pictures were extracted from Google Images and were not altered in any 
way.  
 Participants were asked to associate one of the provided pairs of adjectives with each of 
the sound-image pairs. The nine pairs of adjectives were: humiliating/embarrassing, 
comforting/serene, triumphant/exciting, happy/cheerful, majestic/emphatic, sad/melancholic, 
humorous/whimsical, sacred/serious, and aggressive/intense. An additional reason for this 
selection of adjectives is that their meaning does not change when literally translated to 
Portuguese. This is significant since all participants were Portuguese native speakers. The 
following table shows the sound-image pairings in both groups, which were randomly 
selected: 
 
Sound Image in group A Image in group B 
Shaking water bottle Shaking water bottle Plunger in a toilet 
Bubbles in a milkshake Water boiling in a pan Bubbles in a milkshake 
Rain Rain Human body covered in wasps 
Watermelon being cut Watermelon being cut Goat with a knife aiming at its neck 
Teeth being brushed Teeth being brushed Toilet brush 
Breaking raw spaghetti Fireplace Breaking raw spaghetti 
Closing the metal lock on 
a briefcase 
Opening the slide on a semi-automatic 
pistol 
Closing the metal lock on a 
briefcase 
Cracking a lobster Athlete injuring his leg Cracking a lobster 
Spray Spray Smoke grenade 
Pouring water into a glass Toilet Pouring water into a glass 
 
 
4.  Results 
 
 Table 1 shows the emotions with most agreement for each of the groups and in both test 
rounds. The emotional perception of the acoustic stimuli changed along with the visual 
stimuli in most scenarios. Most results are very linear: "Shaking water bottle" was described 
as "Humorous, Whimsical" when the picture showed a man shaking a water bottle but 
described as "Humiliating, Embarrassing" when the picture showed a plunger in a toilet. 
"Bubbles in a milkshake" and "Rain" both had high agreement for "Aggressive, Intense" and 
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"Comforting, Serene" in the different groups. "Closing the metal lock on a briefcase" and 
"Spray" both had high agreement for "Aggressive, Intense" and "Sacred, Serious" in the 
different groups, with a small exception for Group A on the first round of "Spray". In this 
group, "Sacred, Serious" could not gather more than 50% agreement. The second highest 
voted emotion was "Happy, Cheerful", which further shows the gap in emotional perception 
between the former and "Aggressive, Intense", the emotion terms with highest agreement in 
the other group. "Watermelon being cut" was described as "Humorous, Whimsical" and 
"Sacred, Serious" for Group A and B, respectively. The second highest voted emotion for 
"Watermelon being cut" in Group B on the first round (where "Sacred, Serious" could not 
gather more than 50% agreement) was "Aggressive, Intense", which further shows the gap in 
emotional perception between the former and "Humorous, Whimsical", the emotion terms 
with highest agreement in the other group. "Teeth being brushed" had highest agreement with 
"Comforting, Serene" in Group A and with "Sad, Melancholic" in Group B. "Cracking a 
lobster" had highest agreement with "Aggressive, Intense" for Group A and with "Happy, 
Cheerful" in Group B. "Pouring water into a glass" had highest agreement with "Humorous, 
Whimsical" in Group A and with "Happy, Cheerful" for Group B in the first round and 
"Comforting, Serene" for the second group of the same group.  
 "Breaking raw spaghetti" is the only sound stimulus, which does not change noticeably 
along with the visual stimulus. The second highest voted emotion in Group B on the first 
round (where "Happy, Cheerful" could not gather more than 50% agreement) was 
"Comforting, Serene", which was the same as Group A in the same round despite having a 
different visual stimulus. This can all probably be explained by the selected visual stimuli. It 
is likely that the participants have a positive emotional perspective on both visual actions: 
breaking raw spaghetti and a lit fireplace.  
 "Triumphant, Exciting" and "Majestic, Emphatic" did not achieve high agreement with 
any of the stimuli. 
 This experiment's results show a clear link between a sound's semantic content and the 
listener's elicited emotion. The following chapter will explore some similar conclusions. 
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6. “EVENT SIMILARITY AND SOUND SIMILARITY ARE ALTERNATIVE WAYS OF 
DESCRIBING THE SAME WORLD" (GUYOT, 1996) 
 
1. Affective Acoustic Ecology And Concluding Experiment 1 
 
 Drossos, Floros, and Kanellopoulos (2012) define affective acoustic ecology as the 
relation between the sound events that surround the listener and the emotions that these can 
cause on him. In their study, the International Affective Digital Sounds (IADS) database was 
used. This database's affective annotation follows an emotions' model frequently used in MRI 
(Magnetic Resonance Imaging) and MER (Microelectrode Recording) researches, which can 
be divided in two categories: discrete and continuous. Examples of a continuous approach to 
emotions’ models are dimensional models, such as the SAM (Self-Assessment Manikin). 
Discrete models describe emotions through specific or groups of words i.e., basic emotions 
(e.g., happiness, sadness, anger) or lists of adjectives. Discrete models are granted integrity 
since a wide range of studies can use the same words to describe an emotion. The following 
list of adjectives represent an alternative discrete modeling approach to the latter. In this case, 
instead of single words describing basic emotions, word groups are used, with several 
synonyms in the same group. Hevner (1936) created eight adjectives groups (Figure 8), while 















 The goal of the experiment was to analyze the sound events in the IADS database. The 
sounds' technical features were extracted and classification algorithms were employed in 
accordance to the Arousal-Valence emotional plane. The accuracy obtained from the 
employed classification algorithms was below 50%. Typical results for accuracy classification 
derived by existing published works had the scores: 82%, 83,5%, 73%, or 67%. This shows 
that the semantic content in these sounds is the sole responsible for the elicited emotions of 
the listeners. In addition, it can be observed that there is no high relation between the energy 
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2.  After Sound Events: Associating Perceived Emotions With Sound's 
Physical Features  
 
 A vast section of the research connecting affective reactions to everyday sounds has 
been focusing on sound properties and their link to basic emotions (Västfjäll and Kleiner, 
2002). However, Tajadura-Jimenez and Västfjäll (2008) suggest that a larger number of 
categories (e.g., physical, psychological, spatial, and cross-modal determinants) would 
describe this relation more accurately. Drossos et al. (2013), for example, conducted an 
experiment with the goal of investigating the connection between rhythm-related 
characteristics of common sound events and the listener's arousal. The sound stimuli consisted 
of one hundred and sixty seven sound events with semantic content from the IADS database. 
To this aim, three training algorithms were conducted in the classification task: ANN 
implementations, Logistic Regression, and the K-Nearest-Neighbour technique. High 
accuracy results were obtained (the lowest accuracy score was 71.26%), which demonstrate 
that the rhythm of a sound stimulus can affect the listener's arousal, illustrating the idea that 
the connection between the two is applicable to sound events other than music.  
 Kirandziska and Ackovska (2012) carried out an experiment in order to achieve a model 
of positive and negative emotions according to some specific sound properties such as tempo, 
amplitude, and pitch. The stimuli consisted of twenty sound excerpts. In all of them, an actor 
was recorded saying, "I feel good". Each sound was segmented so that each segment had 
information for about twenty-five milliseconds. Then, several algorithms were used for 
extracting pitch, amplitude, and tempo. From the information gathered from the previous 
algorithms, a classification model was built and used for testing. The results indicate a close 
relation between negative emotions and low mean amplitude, high max amplitude, and low 
mean pitch, which have some correlation with the results found in some neuron and 
psychological studies that associate negative emotions with high max amplitude and low 
tempo.  
 Scherer et al. (1991) split emotions into ten different types: happiness, pleasant, fear, 
activity, anger, potency, boredom, disgust, surprise, and sadness. A set of sound features was 
attributed to each of these emotions. Table 5 (Scherer et al., 1991) shows the main sound 
characteristics for both positive and negative emotions. 
 





 Västfjäll (2012) performed an experiment with the aim of understanding whether 
emotional reactions to tone and noise complexes vary in the two-dimensional emotional 
experiential space and to find self-reported and physical correlates to valence and activation. 
Tone and noise complexes varied in both valence and activation. It was also shown that 
valence reactions are mainly affected by loudness and that the activation reactions are mainly 
affected by perceived sharpness of the sound. The sounds used in the aforementioned 
experiment were all stationary and devoid of meaning, showing that some physical 
characteristics can help the understanding of how sounds with little affective meaning can 
induce an emotional response in the listener, as was shown in previous research (Bradley and 
Lang, 2000). 
 In the following experiment, the aim is to understand how important the semantic 
content of auditory stimuli really is, in relation to the listeners' perceived emotions. At this 
stage, the stimuli will be merely acoustic, as it will be explained in the following chapter. The 
chapter that follows Experiment 2 is the final chapter of this dissertation: Conclusion. This 
final chapter will present investigations and studies that combine auditory semantic content 
with sound's physical properties and emotional studies. Furthermore, both Experiment 1 as 
well as Experiment 2 will be discussed in combination with the abovementioned 
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7. EXPERIMENT 2 
 
1.  Participants 
 
 Fifty-three Portuguese volunteers (twenty-six males) took part in the test. Their ages 
varied between eighteen and fourty-six years (25.8 on average).  
 
2.  Stimuli 
 
 The sixty sounds used in this experiment were randomly selected from the 
International Affective Digital Sounds (IADS) database. This database includes six-second 
long sound events, which correspond to a large variety of everyday situations. In order to 
mask the sounds' more obvious causal features, the investigator altered half of the sounds 
through frequency manipulation using SPEAR5. 
 
3.  Procedure 
 
 There were two separate surveys in this experiment. Each survey presented thirty 
sounds in a random order; fifteen of which were altered. For each sound excerpt, participants 
were asked to rate the stimulus' valence in a five-point Likert scale6 with the following 
options: "Very Negative", "Negative", "Neutral", "Positive", and "Very Positive"; and they 
were also asked to associate the sound excerpt with one of the provided pairs of adjectives, 
which were already used in Experiment 1: humiliating/embarrassing, comforting/serene, 
triumphant/exciting, happy/cheerful, majestic/emphatic, sad/melancholic, 
humorous/whimsical, sacred/serious, and aggressive/intense. Initially, there was also a 5-point 
Likert scale rating the stimuli's arousal but it was removed because the Portuguese 
expressions for arousal and valence are often mixed up.  
 SurveyGizmo hosted the surveys, which were sent via email from the investigator to the 
participants. Instructions were provided throughout the survey and participants were able to 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 SPEAR (Sinusoidal Partial Editing and Resynthesis) is an audio editing and analysis software. 
6 Likert scales are self-report methods often used in questionnaires that consist of bipolar scaling methods 
gathering emotion concepts.  
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hear each sound as many times as they wanted to. Only solicited answers were accepted and 
partially completed surveys were declined. 
 
4.  Results 
 
 Table 6 shows the valence options with highest agreement and compares the altered 
stimuli with the non-altered ones. Only four out of the thirty altered stimuli had positive 
feedback, while thirteen out of the thirty non-altered stimuli had positive feedback. Neutral 
results were very similar in both (ten on the altered stimuli and nine on the non-altered 
stimuli).  
 
Valence Altered Stimuli Non-altered Stimuli 
Very Negative 1 1 
Negative 15 7 
Neutral 10 9 
Positive 4 11 
Very Positive 0 2 
 
  
 Table 7 shows the results with highest agreement with the pairs of adjectives. The 
non-altered stimuli show very broad results, while the altered stimuli had no answers with 
high agreement for the following pairs of adjectives: "Humiliating, Embarrassing", 
"Triumphant, Exciting", "Majestic, Emphatic", and "Humorous, Whimsical", which leads to 

















 Table 8 displays the names of the sounds that were extracted from the IADS database, 
shows which stimuli were altered and which stimuli were not altered, and reveals which were 
the answers with highest agreement in valence and adjective pairs for each stimulus.  
 This experiment's results show a noticeable disparity in the range of answers with 
highest agreement between altered and non-altered stimuli. The investigations featured in the 
next chapter will explore this disparity, as well as the link between a sound's semantic content 





Pairs of Adjectives Altered Stimuli Non-altered Stimuli 
Happy, Cheerful 5 5 
Humiliating, 
Embarrassing 0 3 
Triumphant, Exciting 0 3 
Majestic, Emphatic 0 1 
Sacred, Serious 3 2 
Sad, Melancholic 5 3 
Comforting, Serene 1 4 
Humorous, Whimsical 0 2 
Aggressive, Intense 16 7 
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Stimuli Altered Valence Pairs of Adjectives Stimuli Altered Valence 
Pairs of 
Adjectives 
Attack1 No Very Negative 
Aggressive, 
Intense HeartBeat No Neutral 
Sad, 
Melancholic 
Attack2 Yes Negative Aggressive, Intense Helicopter1 No Neutral 
Aggressive, 
Intense 
Attack3 Yes Negative Sad, Melancholic Jackhammer Yes Negative 
Aggressive, 
Intense 
BabyCry No Negative Sad, Melancholic Jet No Neutral 
Majestic, 
Emphatic 





Bomb No Negative Aggressive, Intense Lawnmower No Neutral 
Aggressive, 
Intense 
BoyLaugh Yes Neutral Happy, Cheerful ManWheeze No Negative 
Aggressive, 
Intense 
Brook No Positive Comforting, Serene Musicbox No Positive 
Happy, 
Cheerful 
BrushTeeth Yes Neutral Happy, Cheerful NoseBlow No Negative 
Humiliating, 
Embarrassing 
CarHorns Yes Negative Aggressive, Intense Office1 No Negative 
Aggressive, 
Intense 
Carousel Yes Positive Happy, Cheerful Paint No Positive 
Humorous, 
Whimsical 
CarWreck Yes Negative Aggressive, Intense Panting No Neutral 
Aggressive, 
Intense 
Cattle No Positive Humorous, Whimsical Paper2 Yes Negative 
Aggressive, 
Intense 
ClagGame Yes Neutral Sad, Melancholic Pig Yes Neutral 
Sad, 
Melancholic 
CorkPour Yes Neutral Happy, Cheerful Polaroid No Negative 
Happy, 
Cheerful 
CourtSport No Positive Comforting, Serene Rain1 No Neutral 
Sad, 
Melancholic 
Crowd2 No Positive Triumphant, Exciting Robin Yes Positive 
Comforting, 
Serene 





Electricity Yes Negative Aggressive, Intense Sink Yes Positive Sacred, Serious 
EngineFailure No Negative Humiliating, Embarrassing Thunderstorm Yes Neutral 
Aggressive, 
Intense 
EroticCouple Yes Negative Aggressive, Intense TireSkids Yes Negative 
Aggressive, 
Intense 
EroticFem1 No Positive Triumphant, Exciting Toilet No Neutral 
Humiliating, 
Embarrassing 
EroticMale1 No Positive Happy, Cheerful Train No Positive 
Triumphant, 
Exciting 
Explosion Yes Neutral Aggressive, Intense Typewriter Yes Neutral 
Aggressive, 
Intense 
Fan No Neutral Comforting, Serene Victim Yes Negative 
Aggressive, 
Intense 
FemaleCough Yes Negative Humiliating, Embarrassing Vomit Yes Negative 
Aggressive, 
Intense 
Fight2 Yes Negative Happy, Cheerful Walking No Neutral Sacred, Serious 





Growl1 Yes Neutral Sacred, Serious Wind Yes Negative 
Sad, 
Melancholic 
GunShot Yes Neutral Sacred, Serious Writing No Positive Sacred, Serious 
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8. CONCLUSION  
 
1.  Somewhere New: Where Sound's Causal And Physical Properties, The Listener, 
And The Context Come Together To Unveil Specific Emotions 
 
 Asutay et al. (2012) carried out an experiment in order to show that auditory-induced 
emotions depend not only on the physical characteristics of a specific sound, but also on the 
meaning attributed to its cause, which reinforces Experiment 1's suggestion that there is a link 
between a sound's semantic content and the listener's elicited emotion. In the first part of the 
conducted experiment, participants rated all the stimuli that were processed and then rated the 
original stimuli presented in a different order without knowing that there were two sets of 
stimuli. In the second part of the experiment, a different group of participants rated only the 
processed sounds, which suffered both spectral and temporal changes, in order to make them 
unidentifiable. Since emotional responses are often learned over time, they inevitably generate 
associations with life events when the right stimulus is showed. By reducing a sound source's 
identifiability, the investigators tried to interrupt these associations, similarly to the masking 
performed in Experiment 2 earlier in this dissertation. A third set of participants was asked to 
rate how they felt during each processed sound. A nine-point SAM scale was used in all three 
settings of the experiment, in which the participants rated how annoying sounds were from 1 
(not at all annoying) to 9 (very much annoying) and also on a perceived loudness scale from 1 
(not loud) to 9 (very loud). The stimuli consisted of eighteen sounds selected from the IADS 
database. They were all six-second long recordings of everyday events, none of which 
contained music or erotica. The selected sounds were: Screaming Woman, Alarm, Bees, 
Growling Dog, Pigs, Jackhammer, Cuckoo Clock, Cat, Ticking Clock, Helicopter, Frogs by a 
Lake, Toilet Flush, Cows, Carousel, Rollercoaster, Beverage, Bottle Opening, Laughter, and 
Applause. Parallel to what was observed previously in Experiment 2, it was verified that 
identifiability decreased dramatically due to processing (91% to 11%). Priming the processed 
stimuli caused identifiability to increase significantly, to around 78% correct identification. 
Normative mean valence and arousal rating can be verified in Table 9 (Asutay et al., 2012). 
The reduction in identifiability was expected to cause larger changes in auditory-induced 
emotion for stimuli labelled pleasant or unpleasant, compared to neutral. Indeed, "one can say 
that processed stimuli were emotionally neutral" (Asutay et al. 2012). 
 






 Indeed, in Experiment 2, twenty-five out of thirty altered auditory stimuli were 
considered to be either negative or neutral. There was also much less variability in pairs of 
adjectives, when compared to the stimuli that did not have their semantic content masked. 
Nevertheless, and although several studies have tried to find a link between some of sound's 
physical properties and specific emotions (Västfjäll, 2003; Berglund, Berglund, & Lindvall, 
1975; Landström et al., 1995; Björk, 1986; Hiramatsu, Takagi, Yamamoto, 1983; Björk, 
1999), Neuhoff (2004) suggested that sound events, alongside their specific context, may 
constitute a more accurate approach to what is actually perceived by the listener. Indeed, it 
was verified in Experiment 1 that the semantic content of the utilized stimuli created some 
intense changes in perception (p.e., high agreement for Agressive, Intense for "Water boiling 
in a pan" and high agreement for Comforting, Serene for "Bubbles in a milkshake"). It is also 
argued by Juslin & Västfjäll (2008) that the listener and the context are as important as a 
sound's physical characteristics when it comes to understanding the underlying emotions in 
sound. 
 Although neuropsychology and neuroscience constitute invaluable assets in the present 
and future of this field of study, it is of great importance to understand that as long as there is 
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not full understanding of emotion in human minds, classifying it with high accuracy will 
remain an elusive goal. 
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